Utah Science Vol. 47 No. 4, Winter 1986 by unknown
Utah Science 
Volume 47 Number 4 Article 1 
Winter 1986 
Utah Science Vol. 47 No. 4, Winter 1986 
Follow this and additional works at: https://digitalcommons.usu.edu/utscience 
Utah Science is produced by Utah State University Agricultural Experiment Station. 
Recommended Citation 
(1986) "Utah Science Vol. 47 No. 4, Winter 1986," Utah Science: Vol. 47 : No. 4 , Article 1. 
Available at: https://digitalcommons.usu.edu/utscience/vol47/iss4/1 
This Article is brought to you for free and open access by 
the Journals at DigitalCommons@USU. It has been 
accepted for inclusion in Utah Science by an authorized 
administrator of DigitalCommons@USU. For more 
information, please contact digitalcommons@usu.edu. 
TAH 
UTAH STATE UNIVERSITY 
CIE 
UTAH AGRICULTURAL EXPERIMENT STATION 
VOLUME 47 WINTER 1986 NUMBER 4 
ON THE COVER 
Aerial application of furnace ash. The dark area 
on the snow is ash. 
Photo by Rex Nielson. 
UTAH SCIENCE 
UTAH AGRICULTURAL EXPERIMENT STATION VOLUME 47 WINTER 1986 NUMBER 4 
110 REAL-TIME ULTRASOUND: A NEW WAY TO STUDY THE EFFECTS 
OF POISONOUS PLANTS 
T. D. Bunch, K. E. Panter and L. F. james 
Ultrasound is used to monitor normal fetal growth and learn how poisonous plants 
affect fetaJ development 
114 IMPROVING SYMBIOTIC NITROGEN FIXATION 
K. A. Lawson, D. A.johnson and M. D. Rumbaugh 
Plant and bacterial combinations from Pakistan and Spain may improve the 
nitrogen-fixing capacity of alfalfa on western rangelands. 
120 INSULIN-DEPENDENT DIABETES MELLITUS: A STUDY OF 
NUTRIENT INTAKE 
B. M. Prater 
The food intake of persons with insulin-dependent diabetes appears to meet the 
RDAs for nutrients. 
124 CONTROLLING SNOWMOLD IN DRYLAND WHEAT 
R. L. Cartee, R. F. Nielson and T. A. Tindall 
A review of the effectiveness of darkening agents. 
133 THE UTAH STATE UNNERSITY SOIL, PLANT AND WATER 
ANALYSIS LABORATORY 
K. F. Topper and D. W. james 
A review of the services offered by the laboratory. 
137 GOVERNMENT FARM PROGRAMS AND CONSERVATION 
TILLAGE: STRATEGIES FOR DRYLAND WHEAT FARMS 
D. Bailey, T. F. Glover and G. L. Helms 
New government farm programs appear to offer fewer incentives to invest in 
conservation tillage methods. 
144 1986 INDEX OF PUBLICATIONS 
Photos for articles by authors. 
Photos on pages 131 and 136 by Gary Neuenswander. 
REAL-TIME 
ULTRASOUND: A NEW 
WAY TO STUDY THE 
EFFECTS OF 
POISONOUS PLANTS 
t to UTAH SCIENCE 
T osses in the livestock industry in 
L the 17 western states due to toxic 
or poisonous plants total more than 
$ 1 00 million annually.· Of all poisonous 
plants. those in the genera Astragalus 
and Oxytropis are the most costly.2.3 In 
North America these genera are repre-
sented by as many as 300 species. 
Some species are highly nutritive and 
are considered valuable forage plants 
(Le. A. cicer,4 A. glycyphyUos,5 etc.). 
while others are extremely toxic (Le. 
A. miser, A. lentiginosus, etc.). 
The poisonous species of Astragalus 
and Oxytropis fit into one of three 
general categories according to their 
toxic effects on livestock . 6. 7 These 
groups include: (1) the acute and 
chronic toxicosis of the nitro-containing 
Astragalus. (2) the acute and chronic 
toxicosis of the selenium-accumulating 
Astragalus. and (3) the loco effects of 
Astragalus and Oxytropis species. Of 
these three groups, locoweed poisoning 
is the most destructive and costly to 
producers. causing severe losses in cat-
tle. horses and sheep. In 1958. loco-
weed was responsible for the death of 
over 6,000 sheep in the Uintah Basin of 
eastern Utah· and resulted in the loss of 
$245,000 on three Utah ranches. Simi-
lar losses have been reported in other 
western states. Losses due to locoweed 
also involve subtle effects such as lack of 
thriftiness and reduced reproduction . 
The principal detrimental effect of 
locoweed is abortion.8 The rate of abor-
tion has been reported to approach 100 
percent in some herds. Offspring of 
poisoned cattle and sheep often exhibit 
skeletal malformations. and are often 
small and weak at birth. 
Researchers with the USU Depart-
ment of Animal. Dairy and Veterinary 
Sciences and the USDA Poisonous Plant 
Laboratory are now examining some of 
the consequences of locoweed poison-
ing with real-time ultrasound. With this 
technique, poisoned animals need not 
be sacrificed to assess toxic effects on 
reproductive and fetal development. 
Ultrasound is high frequency sound 
waves that cannot be detected by the 
human ear. The first known ultrasound 
instrument was a dog whistle developed 
in the 1880s. Medical ultrasound or 
ultrasound used for veterinary purposes 
or biomedical research had its origin in 
underwater sonar which was invented 
by L. R. Richardson and used to locate 
objects such as icebergs under water. 
Marine sonar technology was perfected 
between World Wars I and II, but it 
wasn't until the pulse-echo method was 
developed in 1947 that ultrasound 
became one of the most powerful diag-
nostic tools in medicine. The sound fre-
quency range for medical purposes is 
expressed in millions of hertz (Hz) per 
second (megaHertz-mHz). The audible 
range of the human ear is limited to 
about 20,000 Hz. 
Pulse-echo instrumentation requires 
several components.9 The transducer is 
the ultrasound sending and receiving 
unit. The transmitter sends a very short 
burst of electrical energy that causes a 
FIGURE I. Photograph of early pregnancy in the 
ewe taken directly from an ultrasound image. Early 
embryoniC vesicle (EV) in the enbryonic sac (ES) at 
42 days gestation. The embryonic vesicle is 23 mm 
wide. 
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piezo crystal in the transducer to 
vibrate, and thus produce a high-
frequency sound pulse. The sound 
pulse (ultrasound beam) is focused on 
the specimen and the sound waves are 
attenuated as they contact tissue and 
other structures of various densities. The 
returning echo then affects the piezo 
crystal, and the resulting electrical 
potential is detected by a receiver. The 
receiver-amplifier processes and dis-
plays the signal. Real-time ultrasound 
utilizes a scan converter that transposes 
the signal into a gray scale image. The 
output from a scan converter, which is 
converted to a television raster scan 
format, is then viewed on a television 
monitor. 
An ultrasound image represents the 
echo pattern of numerous individual 
pulses. The result is a map of echo cen-
ters within tissues or structures. Signal 
amplitude is represented by gradations 
of tone. The strongest signals are white 
(reflection from more dense tissue) 
while an area from which no signal is 
received are black (reflection from a 
fluid-filled cavity). Acoustical pulses 
used in medicine have a frequency 
range of 3-10 mHz. 
Ultrasound images are a general 
diagnostic technique with many appli-
cations in human medicine, and particu-
larly in monitoring human fetal 
development. 
Monitoring Toxic Effects 
We are testing the use of ultrasound 
imaging to monitor the toxic effects of 
poisonous plants on fetal development. 
The first study involved the identification 
of fetal and placental/uterine changes 
in pregnant ewes exposed to locoweed. 
Ten western white-faced ewes. bred on 
the same date were divided into five 
groups, each containing two ewes. 
Groups 1-3 were fed a diet of alfalfa hay 
pellets (6 Ib/ ewe/day) containing 15 
percent locoweed. Treatment began at 
60, 74 and 88 days post-breeding in 
Groups 1-3, respectively. Control ewes 
FIGURE 2. Cotyledons (C) during early pregnancy [42 days in A (12 mm) and 56 days in B). The large 
circular. donut-shaped cotyledon in B is typical of a normal cotyledon. 
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FIGURE 3. Fetus at 49 days gestation showing head 
(H). body (B) and legs (L). The fetus is approxi-
mately 42 mm long. 
FIGURE 4. Side view of 75-day-old fetus showing 
head (H). neck (N) and body (B). The length from 
the tip of the nose to the posterior of the skull is 58 
mm. 
FIGURE 6. Uterine-fetal changes in pregnant ewe intoxicated by locoweed. These include excessive 
allantoic fluid (hydrops allantois-HA). and the presence of a single solid cotyledon (e) instead of numerous 
donut-shaped cotyledons (e). Heart cavity is prominent (He). The fetus was diagnosed dead at this 
observation based on the absence of heart contractions. and was aborted three days later. 
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FIGURE 5. Heart of fetal lamb at 100 days gestation 
is approximately 38 mm wide. The chambers of the 
heart. the ventricles (V) and the auricles (A) as well 
as the septa (5) are prominent features. 
(Groups 4 and 5) were fed a similar 
amount of pellets that did not contain 
locoweed. Ewes in Groups 1-4 were 
scanned with a 3.5 mHz transducer 
weekly until locoweed feeding started 
and twice weekly until lambing or abor-
tion. Group 5 was used to assess poten-
tial adverse effects of ultrasound 
scanning. 
Ultrasound imaging helped visualize 
the uterus, detect pregnancy and moni-
tor fetal development Pregnancy was 
readily detected in ewes 35-40 days 
after breeding and multiple pregnancies 
could be accurately distinguished 
between 42-50 days. The earliest stages 
of pregnancy were characterized by the 
appearance of an embryonic vesicle 
within a fluid-filled sac (Figure 1) and 
the presence of cotyledons (structures 
that align the uterus and connect the 
placental membranes to the uterine 
wall) (Figure 2). By days 49-56 of preg-
nancy, most of the body structures such 
as head, neck, ribs, spinal column, legs 
and body were prominent (Figures 3 
and 4). The heart could be observed 
beating and the fetus was moving con-
tinuously. By day tOO of pregnancy all 
four chambers of the heart could readily 
be identified (Figure 5). 
Effects of Locoweed 
Ultrasound scanning of ewes fed 
locoweed revealed a sequence of events 
that often resulted in abortion. Cotyle-
dons that normally appear as donu[-
shaped structures became irregular, 
solid masses (Figure 6). In some cases 
the cotyledons became atretic and 
diminutive. These morphological 
changes were accompanied byexces-
sive fluid buildup within the placenta 
(Hydrops allantois) (Figure 6). Accumu-
lation of fetal fluids was accompanied 
by irregularities in fetal heart beat. 
which apparently indicated fetal dis-
tress. The heart rate of one affected 
fetus was 222 beats per minute, and 
was often fibrillating. As locoweed intoxi-
cation became more severe, the heart 
rate slowed to approximately 63 beats 
per minute. The ewe aborted five days 
later. All affected fetuses exhibited 
cardiac insufficiency and upon necropsy 
had enlarged hearts, dilation and round-
ing of the right ventricle. None of the 
lambs in the control groups exhibited 
anatomical irregularities. 
Ultrasound imaging in toxicologic 
studies can be used to establish patterns 
and determinants of normal fetal devel-
opment It also helps researchers 
determine when and how poisonous 
plants alter normal fetal development. 
This information will help establish 
management gUidelines for livestock 
producers. 
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IMPROVING SYMBIOTIC NITROGEN 
FIXATION 
1\ lfalfa is the backbone of forage pro-
l"'1. duction in many developed and 
developing countries. Winter annual 
clovers, such as subterranean clover, are 
also essential for many forage/livestock 
systems. These plants belong to the 
legume family (Leguminosae), which is 
especially valued for its ability to form a 
symbiosis (cooperative relationship) 
with the soil bacterium Rhizobium. 
Rhizobia produce nodules on the roots 
of these plants and convert, or fix, nitro-
gen from the atmosphere into a form 
usable by plants. This process, known 
as symbiotic nitrogen fixation, lets 
legumes grow in soils with a low nitro-
gen content without the addition of 
1 14 UTAH SCIENCE 
nitrogen fertilizers. Symbiotic nitrogen 
fixation holds great promise for increas-
ing forage production in developing 
countries and on arid and semiarid 
rangelands of all countries, where high 
costs or Shortages limit the use of nitro-
gen fertilizers. 
Unfortunately the process of sym bi-
otic nitrogen fixation is often not as suc-
cessful as hoped. Strains of Rhizobium 
are specific for different legumes and 
vary in their ability to nodulate and fix 
nitrogen. Thus, a particular legume 
must be matched to a Rhizobium strain 
for optimum nitrogen fIXation. Sufficient 
rhizobia must be present in the soil and 
environmental conditions must be right 
for nodulation to occur. 
To improve the nodulation of a 
legume by an effective rhizobial strain, 
legume seeds are often inoculated with 
rhizobia before planting. The inoculum 
does not always survive if conditions in 
the soil are hot or dry. Even if the rhiz-
obia survive, the inoculum cannot 
always compete for nodulation with 
indigenous rhizobia, which are often not 
very effective nitrogen fixers. Legume 
growth and nitrogen fixation are also 
limited by environmental stresses such 
as acid soil, drought, and temperature 
extremes. 
The USDA Agricultural Research Ser-
vice in cooperation with the Utah Agri-
K. A. LAWSON, D. A. JOHNSON, and M. D. RUMBAUGH 
Yellow-flowered alfalfa (Medicago !alcata). a legume 
well adapted to cold winters and hm summers, growing 
in northem Utah. 
cultural Experiment Station is investi-
gating the relationships between 
legumes and rhizobia in an effort to 
improve the yields of alfalfa and subter-
ranean clover. Researchers in Pakistan 
and Spain are helping identify plant and 
bacterial combinations with superior 
nitrogen-fixing capaCity and that can 
tolerate and fix nitrogen under environ-
mental stresses. Superior plant lines will 
then be incorporated in breeding pro-
grams and superior rhizobia will be 
included in inocula for these plants. 
Forage Innprovennent 
Utilizing the genetic resources of plants 
Left: Greenhouse tube-culture technique used to evaluate the 
infectiveness of alfalfa-Rhizobium combinations. 
Right: Root nodules on an alfalfa plant. 
native to Pakistan, particularly alfalfa, 
may provide important new plants for 
the western rangelands of the United 
States and improve forage productivity. 
aid the livestock industry. and help pre-
vent further environmental degradation 
in Pakistan. 
Productivity on both croplands and 
rangelands is often limited by lack of 
nitrogen. Although production can be 
increased by the addition of nitrogen 
fertilizers. their poor availability and 
high cost prohibit fertilization of all but a 
fraction of the lands in many developing 
countries. Symbiotic nitrogen fixation 
may be able to provide significant 
amounts of nitrogen. Past experiments 
have shown that the forage productivity 
of grasS-legume mixtures in a favorable 
environment can match or exceed that 
of the same grass receiving between 112 
and 224 kg/ha of nitrogen per year. 
Increased forage production from 
these forage legumes would aid live-
stock production on western rangelands. 
The livestock industry is also very 
important to the economy of Pakistan 
where the expanding 'human popula-
tion has meant that demand for animal 
products exceeds domestic production. 
This has increased demand for forage 
and has resulted in severe overgraZing 
problems in many of Pakistan's range-
lands. The subsequent degradation of 
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Comparative growth of un inoculated (conrrol) alfalfa plant (left), inoculated plant (center), and nirrogen-
fertilized plant (right) iIIusrrating effectiveness of Rhizobium-alfalfa combinations. The arrows indicate 
nodules. 
rangelands further limits livestock pro-
duction. More forage must be produced 
in order to maintain or increase animal 
production. 
Adaptation to Environmental Stresses 
The growth and survival of both alfalfa 
and its associated Rhizobium. and how 
they interact are affected by environ-
mental stresses such as high tempera-
tures and drought Rhizobial strains vary 
in their tolerance of environmental 
stress. and also probably vary in their 
ability to nodulate and fix nitrogen 
under stress. Alfalfa-Rhizobium combi-
nations that have evolved under environ-
mental stresses will likely perform the 
best under these same stresses. 
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Pakistan lies largely in the arid and 
semiarid climatic zones. Legumes and 
Rhizobium growing in these zones have 
been exposed to drought during their 
evolution and probably have superior 
survival and symbiotic capacities under 
drought stress. Many types of alfalfa 
originated in the Himalayan Mountain 
area. One such promising legume is 
yellow-flowered alfalfa. Medicago 
jalcata. M. jalcata is predominantly a 
plant of the steppe and forest zones and 
is found in areas where drought. heat 
and cold are characteristic. It has creep-
ing roots and rhizomes and is well 
adapted to cold winters and hot 
summers. M. jalcata has been much 
less researched than its close relative. 
purple-flowered alfalfa. M. sativa. 
because of its Jess vigorous seedlings 
and lower production potential. How-
ever. where drought and temperature 
stress mean that survival and persis-
tence are a primary concern, M. jalcata 
may have valuable attributes. 
Effective Alfalfa and Rhizobium 
Combinations 
Strains of Rhizobium vary in their ability 
to nodulate and to fix nitrogen. Their 
symbiotic capacity is also controlled by 
the host plant Particular rhizobial 
strains may perform better with some 
plant ecotypes than with others. The 
plant and bacterial partners must there-
fore be matched to maximize the 
amount of nitrogen fixed. The factors 
which control matching are not entirely 
known. but as both plant and Rhizo-
bium benefit from the association. it is 
likely that they have been under selec-
tive pressure to form an effective sym-
biosis. Competition from other plants 
and exposure to drought stress in the 
rangelands of Pakistan are likely to have 
exerted considerable selective pressure 
on both the plant and Rhizobium. We 
are trying to determine whether the 
alfalfa plants and Rhizobium strains that 
have evolved together in a particular 
habitat are better matched to each 
other and to that environment than 
those which evolved in widely separated 
areas. 
To determine this. soil samples, seed 
and root nodules from M. jalcata and 
M. sativa were collected in 1985 and 
1986 from geographically diverse areas 
in Pakistan and Nepal. Soil samples 
were planted with three types of alfalfa. 
Spredor 2 is a cultivar of M. sativa that 
originated in the U.S., while Anik is a 
cultivar of M.jalcata from Canada. 
Punyal is a type of M. sativa from 
Pakistan. 
After 18 weeks, plant growth and 
nodulation by rhizobia in the soil were 
assessed (Table t). Growth of plants that 
were not nodulated was poor in most 
soils, an indication that symbiotic nitro-
IMPROVING SYMBIOTIC NITROGEN FIXATION 
TABLE 1. Nodulation of three alfalfa cultivars b~ rhizobill fresent in soils collected from diverse reSions of Pakistan. 
Soil Anik Pakistan cultivar 
Sam21e Nodulation Growth Nodulation Growth 
I M P A E 
2 Z P Z P 
3 M P A E 
4 P P M P 
5 M E Z P 
6 P P Z P 
7 A E P P 
8 M P P P 
9 Z Z Z P 
10 M M Z P 
II P P P P 
12 Z P P P 
13 P P P P 
14 P P M P 
15 P P P P 
16 M P P P 
17 A E A E 
18 P M M P 
19 P P A M 
20 Z E M E 
21 Z P P E 
22 M P M E 
23 P M M M 
24 Z Z A M 
25 P P P P 
26 Z P P M 
27 P P M P 
28 P P M P 
29 P P P P 
30 P P P P 
KEY: Z = Zero. P = Poor. M = Moderate. A = Abundant, E = Excellent 
gen fixation is very important to plant 
yield in many Pakistan soils. All soils 
contained rhizobia able to nodulate at 
least one alfalfa cultivar. but many 
could not nodulate all cultivars. Even 
when all cultivars in a particular soil 
were nodulated. their growth was some-
times variable. Rhizobia in these soils 
may be better able to fix nitrogen with 
some host cultivars. 
Approximately 200 strains of Rhizo-
bium have been isolated from the col-
lected nodules. Greenhouse-grown 
alfalfa is being studied to compare the 
nodulating and nitrogen-fixing ability of 
strains from each sampling site with 
that of commercial inoculum strains. 
These strains are being grown in com-
bination with native alfalfa plants. which 
are grown from seed collected at the 
same site and with commercial cultivars 
of alfalfa. The performance of these 
combinations will let us assess whether 
or not alfalfa and Rhizobium. which 
have evolved together. are closely 
matched to provide maximum nitrogen-
fixing capability. This information will 
then enable us to select top-performing 
Rhizobium and alfalfa ecotypes for use 
in rangelands. 
Preliminary data for 43 strains from 
two sampling sites are shown in Table 
S~redor 2 
Nodulation Growth 
Z P 
M M 
A E 
A E 
A M 
A E 
P M 
M P 
P P 
Z P 
P P 
Z P 
M P 
P P 
P P 
A P 
A E 
M P 
M P 
M M 
A E 
Z P 
M M 
A M 
P M 
M M 
M M 
P M 
P P 
P P 
2. These strains were able to nodulate 
both the commercial alfalfa cultivar. 
Spredor 2 and the native ecotype from 
Pakistan. Most were able to fix nitrogen 
with both hosts. Some strains appeared 
to be better matched with a particular 
ecotype. These results involve relatively 
few strains. Many more strains must be 
tested with more commercial alfalfa cul-
tivars in order to assess the value of 
matching legumes and Rhizobium from 
the same environment. Additional 
research is also required to select a 
bank of well-matched alfalfa and Rhizo-
bium combinations. 
The final stage of the project will 
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TABLE 2. Effect of alfalfa ecotype on nitrosen fixation b~ Rhizobium oriSinatins in Pakistan. 
Nitrogen fixation on 
Rhizobium 
strain S2redor 2 
AI G 
A2 I 
A3 G 
A4 G 
A5 G 
A6 G 
A7 G 
A8 G 
A9 G 
AIO G 
All I 
AI2 G 
AI3 G 
AI4 G 
AI5 G 
AI6 G 
AI7 G 
AI8 G 
AI9 G 
A20 I 
A21 f 
KEY: G = Good, 1= Intermediate, P = Poor. 
involve field testing of selected Rhizo-
bium strains and alfalfa ecotypes. Their 
growth and performance will be com-
pared with commercially available cul-
tivars and inoculum strains in repre-
sentative rangelands and marginal 
cropping sites. 
Host Plant Discrimination 
Rhizobium strains also vary in their 
competitiveness for nodulation. When 
more than one strain is present, the 
rhizobial strains compete to form root 
nodules on plants. This can be a prob-
lem when large populations of ineffec-
tive rhizobia are present in the soil. 
Because these strains are often more 
competitive for nodulation than rhizo-
bial strains in inoculum, plants may 
become nodulated by poorly perform-
ing strains. It has been found, however, 
that the host plant partly controls which 
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Pakistan Rhizobium 
coUection strain 
G A22 
G A23 
G A24 
G A25 
I A26 
I A27 
I A28 
G A29 
I A30 
G A31 
I A32 
I A33 
G A34 
I A35 
G A36 
G A37 
G A38 
G BI 
G B2 
G B3 
I B4 
The nodulating and 
nitrogen-jtxing ability oj 
approximately 200 
strains oj Rhizobium are 
being studied. Matching 
a particular legume to a 
better strain might 
increase Jorage 
production on 
rangelands. 
Nitrogen fixation on 
Pakistan 
S2redor 2 coUection 
G I 
G G 
G I 
G I 
I I 
G G 
G G 
G G 
I I 
I I 
I G 
G G 
P I 
G G 
G G 
G I 
G G 
G G 
G I 
G G 
G G 
strain nodulates its roots. It is possible 
that certain plant lines are preferentially 
nodulated by effective rhizobia, and 
thus somehow exclude ineffective 
strains. Such plant lines would be very 
useful in areas where the soil contains 
large populations of ineffective Rhizo-
bium strains. 
We are studying lines of subterranean 
clover from diverse areas in Spain to 
determine if some lines of subterranean 
clover are preferentially nodulated by 
effective Rhizobium strains. In addition, 
many effective and ineffective, and 
competitive and non-competitive strains 
of Rhizobium from all over the world 
have been assembled. Different clover 
lines are being inoculated with pairs of 
Rhizobium strains. The nitrogen-fixation 
activity of these combinations and the 
proportion of nodules formed by each 
strain will be examined. This will iden-
tify which clover lines are nodulated by 
effective Rhizobium strains. 
Drought, Acid Soils, and Subterranean 
Clover 
Subterranean clover often fails to nodu-
late and thrive in pastures where acid 
soils and drought are problems. Both 
acidity and water stress may limit root 
nodulation and Rhizobium survival. and 
may also affect seed germination. seedl-
ing growth. and survival. The effects of 
acidity and drought stress on establish-
ment. seedling growth. and nodulation 
are being studied by Carmen Bueno. a 
candidate for a MS degree at Utah State 
University. The responses of rhizobial 
strains and subterranean clover lines to 
these stresses are being investigated to 
determine if the effects of drought are 
more severe in acid soils. and if some 
strains and plant lines are more tolerant 
of these stresses. 
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Potential Gains 
We hope eventually to identify superior 
alfalfa lines and Rhizobium isolates for 
use in the rangelands of the U.S. and 
Pakistan. This could increase forage 
productivity on these rangelands and 
consequently aid the livestock industry. 
We also hope to determine if host pre-
ference for nodulation can be used to 
enable legumes such as subterranean 
clover to be nodulated by effective 
Rhizobium strains in areas where 
ineffective competitive strains are also 
present In addition. we will find if 
stresses such as acid soil and drought 
combine to limit growth. nodulation and 
nitrogen fixation of subterranean clover. 
In the process we hope to identify plant 
lines which are preferentially nodulated 
by effective rhizobia and which are 
better able to grow and nodulate in dry. 
acid soil. These will be of use in forage 
systems both in Spain and the U.S. and 
could be incorporated into future plant-
breeding programs. 
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INSULIN-DEPENDENT 
DIABETES MELLITUS: 
A STUDY OF 
NUTRIENT 
INTAKE 
Relatively little research has exam-ined the prevalence of insulin-
dependent diabetes mellitus (100M) in 
the United States. In those states that 
have determined rates, the prevalence 
of 100M is relatively consistent. about 
1.6 to 1.8 per 1.000. or approximately 1 
child in 600. which means that about 
120.000 children in the U.S. are 
affected. Prevalence steadily rises with 
age; by the 12th grade approximately 1 
child in 400 has diabetes. 
Today, more than 12 million people 
in the U.S. are afflicted with diabetes, a 
disease in which the body does not 
produce or properly use insulin, a hor-
mone needed to convert sugar. starches 
and other nutrients into energy. 
There is no cure yet for diabetes. but 
treatment consisting of appropriate food 
intake, exercise and use of insulin in the 
insulin-dependent, will "control" the 
blood sugars. Diabetes mellitus has 
been classified as either insulin 
dependent (100M) or non-insulin 
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dependent (NIOOM). The majority of 
people with diabetes have non-insulin 
dependent diabetes. and treatment 
consists of a reduction in food intake 
and weight. 
In Utah. it is estimated that 533 males 
and 900 females under the age of 25 
have 100M. An estimated 1,761 males 
and 2.225 females under the age of 44 
in Utah are affected. These figures are 
extrapolated from 1980 U.S. census 
data. Estimates based on an age limit of 
44 years may include equal numbers of 
non-insulin dependent diabetes. 
although the data does not differentiate 
between these types of diabetes. How-
ever. up to the age of 25. the number of 
people with 100M is based on accurate 
diagnoses. 
Practitioners have been providing 
information and "diets" as an important 
part of the clinical management of their 
"patients." Food intake is a cornerstone 
in the treatment and management of 
blood glucose. Recommended princi-
pies of nutrition have been made by the 
American Diabetes Association (ADA). It 
is important for the diabetic population 
and practitioners to assess the value of 
those principles as applied to a popula-
tion of diabetics. 
Clinical dietitians screen. assess the 
nutritional status of clients. and develop 
,individual nutritional care plans and 
educational programs. The dietitian also 
helps those with insulin-dependent dia-
betes establish daily meal plans. Proper 
nutrition in concert with insulin dosage 
is essential in the daily management of 
blood sugars. Long-term control 
depends upon daily control; complica-
tions can be postponed with reasonable 
glycemic control. Health care profes .. 
sionals help affected individuals syn-
chronize food intake. insulin dosage and 
physical activity. which constitutes the 
optimal "management." 
Clinical research in the area of nutri-
tion and diabetes has focused on single 
food components and/or combination 
of these components. Dietary fiber has 
received much anention in the non-
insulin dependent population. Other 
researchers are studying the glycemic 
index of carbohydrate foods and how 
combinations of foods influence blood 
glucose levels. The glycemic index has 
been defined as the response 
(measured in blood sugar) to studied 
food components. However, additional 
nutrition r~search concerning the spe-
cific concerns of diabetics is required. as 
is noted by Nuttall. 
At the present time. our knowledge 
regarding the metabolic consequences of 
various dietary regimens is incomplete 
and in need of further research. In addi-
tion. the composition of a diet for these 
persons that will result in the best pos-
sible glucose control is uncertain and con-
troversial... Thus the insistence that cer-
tain foods be avoided or that a specified 
diet be adhered to rigidly cannot be 
defended scientifically. In view of the limi-
tations in our knowledge, perhaps the 
best approach should be to allow the 
individual to select their daily meal plan, 
as long as the nutrient content is ade-
quate ... Such flexibility should lead to 
better patient compliance and overall 
diabetes management and control. 
The current position of the ADA. 
stated in the Principles of Nutrition and 
Dietary Recommendations. closely fol-
lows the recommendations of the Amer-
ican Heart Association and the 1980 
United States Dietary Guidelines. 
Another standard that may be used to 
assess nutrient intake by age and sex is 
the Recommended Dietary Allowance 
(RDA) of the National Research Council. 
The purpose of this research was to 
describe the actual food intake of per-
sons with insulin-dependent diabetes 
and to compare an average of 3 days' 
intake to the ADA and the RDA stan-
dards. No studies have reported the self-
reported food intake of persons with 
IDDM. This study was limited to the 
insulin-dependent population in Utah. 
The participants consented to partici-
pate after receiving a notice from the 
Utah Affiliate of the ADA. 
Methodology 
Each participant received a question-
naire with written instructions regarding 
record keeping and visual display of 
portion sizes of food. It was important 
that the records of food intake be as 
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accurate as possible. 
A computer program was developed 
to record and enter the data. An indi-
vidual'S average intake was then com-
pared to the ADA recommended stan-
dards regarding percentage of total 
calories and the RDA nutrient allowan-
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FIGURE 1. Percent RDA for insulin dependent males by age group (weighted RDA for age 7 -14). 
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FIGURE 2. Percent RDA for insulin dependent females by age group (weighted RDA for age 7-14). 
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TABLE t. Exa.mple of additional information provided to study participants. 
* •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *.*.*.** •• 
NUTRIENTS 
KILOCALORIES 
PROTEIN 
VITAKINS 
VITAMIN A 
VITAHIN C 
THIAHIN 
RIBOFLAVIN 
NIACIN 
MINERALS 
CALCIUK 
IRON 
1980 RECOHHENDED 
DIETARY ALLOUANCE 
2300 - 3100 
56 9 
5000 IU 
60 "9 
1.4 "9 
1.6 "9 
18 "9 
800 "9 
10 "9 
YOUR 
AVERAGE IHTAKE 
3193.6 
104 9 
8854 IU 
207 
"9 
2.1 
"9 
2.9 
"9 
19 "9 
1691 
"9 
14 
"9 
PERCENT OF RDA 
118% 
186% 
177% 
345% 
146% 
180% 
103% 
211% 
141% 
* •••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •• * •••• *.* ••• 
PERCENTAGE PROTEIN 
PERCENTAGE FAT 
PERCENTAGE CARBOHYDRATE 
13.02 
47.23 
40.90 
* •••••••••••••••••••••••••••••••••••••••••••••••• * ••••••••••••••••••• *. 
M YOUR CALORIE INTAKE EXCEEDS THE UPPER LIHIT FOR RECOHHEHDED CALORIES. 
YOU KAY NEED TO REDUCE YOUR CALORIE INTAKE. 
ces by age and sex. This record was 
interpreted and returned to the partici-
pant. Additional information was also 
provided to participants (Table 1). 
The nutrient data base from USDA 
Handbook 8 included values for energy, 
protein, fat, carbohydrate, vitamins A, C, 
thiamin. riboflavin. and niacin. The 
minerals included calcium. phosphorus 
and iron. 
Even though participants were not 
randomly selected, the records reflect 
intake over all seasons during a 15-
month period. A total of 82 persons, 28 
males and 54 females. participated 
(Table 2). 
Discussion 
The results by age group (7-14,15-18. 
and 23+) and comparison to the RDA 
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standards are shown in Figure 1 (males) 
and Figure 2 (females). The RDA for 
age groups 7- to and 11-14 were com-
bined into one group, and the values 
were weighted to represent the actual 
age standard. 
Except for energy, nutrient intake of 
males all exceeded 100 percent of the 
RDA. Protein and vitamin C intake of 
males exceeded 200 percent of RDA. 
Except for calories. calcium and iron, 
nutrient intake of females exceeded the 
RDA allowance. Intake of protein and 
vitamin C exceeded 150 percent of the 
RDA. Only females in the 23+ group 
consumed the RDA for iron. Iron intake 
of females 15-18 years of age was 72 
percent and 61 percent of RDA, 
respectively. 
The results clearly show that partici-
pants in the study consumed more than 
adequate amounts of protein and 
TABLE 2. Selected characteristics 
of study participants. 
Characteristics 
Insulin dependent 
Living in Utah, voluntary respondents 
Total number 82. M = 28, F = 54 
Self reported-three day intake 
Ages Male Female 
7-10 3 3 
11-14 12 24 
15-18 3 8 
23-55 10 19 
vitamin C. Individual records indicate 
that many consumed 3-6 cups (8 
ounces) of milk daily and the 2-3 
ounces of protein (meat, fish, pOUltry) 
once or twice daily. The tendency to 
have fruits for desserts instead of con-
centrated carbohydrate and fat-rich 
desserts may explain the relatively high 
vitamin C intake. Iron intake in this 
population is similar to that of other 
populations. However. some researchers 
suggest that it is difficult to consume the 
RDA for iron on a typical U.S. diet. 
Table 3 shows the total kilocalories in 
percentages of fat, carbohydrate and 
protein. All groups consumed less than 
the recom mended level of carbohy-
drates (50-60 percent of kilocalories). 
Carbohydrate intake ranged from 40.8 
to 44.3 percent. The percentage of 
kilocalories consumed as fat exceeded 
the level recommended by the ADA 
(30-35 percent). Protein consumption 
was within the level recommended by 
the ADA (t 2-20 percent). 
Conclusion 
Results indicate that the nutritional 
intake of the group with insulin-
dependent diabetes is optimum and 
meets the RDAs for these nutrients. The 
amounts of vitamin C and protein were 
within reasonable ranges. There has 
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TABLE 3. Percent calories in carbohydrate, fat and protein. 
ADA· 
7-14 15-18 23+ Recommendation 
Age M F M 
Carbohydrate 40.S 43.7 41.1 
Fat 41.1 3S.6 41.3 
Protein IS.1 17.7 17.6 
-American Diabetes Association 1979. 
been some concern about the increased 
protein intake of young insulin-
dependent patients. Increasing the con-
sumption of complex carbohydrates 
(whole grain cereals, breads, etc.) to 
increase the percentage of carbo-
hydrates in the diet could reduce intake 
of protein and fat. Studies to determine 
whether such diets are feasible have not 
been conducted. 
There are still many hypotheses and 
little scientific fact available to dietitians. 
Additional research will better define 
the components of the optimal diet. 
Certain principles are known, however: 
the nutritional requirements of diabetics 
are fundamentally the same as those of 
non-diabetics; education of the indi-
vidual and family is essential; dietary 
recommendations should be as flexible 
as possible to enhance the quality of 
life. and regimens must be individual-
ized if they are to be followed. 
Clinical dietetics and practitioners, 
who counsel and educate the diabetic 
population, have major roles in the 
treatment in diabetes. Maintenance of 
glycemic control is highly individual, 
and depends on daily activity. Food 
intake should be suited to the person; 
timing of that intake should be consist-
ent and the growth and development of 
children should be monitored by 
health-care professionals and the 
families. 
Results of this research study indicate 
that food intake of these individuals. 
although variable. was adequate. thus 
F M F Percent 
44.3 41.S 42.1 50-60 
39.3 39.6 39.4 30-35 
16.4 IS.6 IS.5 12-20 
supporting Nuttall's suggestion that indi-
viduals be allowed to select their daily 
food plans. plans developed in concert 
with dietitians. 
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CONTROLLING 
SNOWMOLD 
IN 
DRYLAND WHEAT 
R. L. CARTEE, R. F. NIELSON, and T. A. TINDALL 
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Snowmold in dryland winter wheat grown in northern Utah and 
southern Idaho has caused millions of 
dollars of damage annually in reduced 
yields and costs of replanting (Nielson 
and Cartee 1976). The disease is caused 
by the widespread organisms Typhu/a 
and Fusarium. Mold damage is 
increased when the snow is deep 
enough (one foot or more) to insulate 
wheat from the freezing air tempera-
tures. The residual heat from the soil 
and plant respiration melts the snow 
over the wheat plant. thus creating a 
tunnel of moist warm air around the 
plant. an ideal environment for the 
snowmold organism. 
Snowmold damage can range from 
spots to entire fields. Damage is less 
likely when soils remain frozen 
throughout the winter. However. early 
snow cover often means soil is not 
frozen deep enough. creating conditions 
favoring development of the disease 
organisms. Even when soils are frozen 
relatively deep. deep insulating snow 
cover for a long period may also create 
conditions conducive to snowmold. A 
realistic and economically feasible 
method of reducing snowmold damage 
Furnace ash being spread with a Snow Cat 
involves removal of snow from wheat. 
In 1969. USU wheat breeder Wade G. 
Dewey applied a blackening agent to 
wheat nurseries at the Evans Experi-
mental Farm at Logan. Snow on treated 
fields melted faster than on untreated 
fields. and appeared to have less 
snowmold damage. These early obser-
vations prompted additional studies by 
Wade Dewey and Rex Nielson at the 
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A. Loading furnace ash into an airplane. 
B. Loading furnace ash into a spreader mounted on a Snow Cat 
C. Under the right conditions. furnace ash can rapidly decrease snow 
depth. 
D. There was no visible snow mold damage on this field treated with 
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furnace ash. Note the snow cover on the untreated land around the 
field. 
E. Snowmold spores and wheat plants killed by the organism. 
F. Healthy winter wheat with very little snowmold damage. 
G. Note the difference in the stand of wheat between the area treated 
with darkening agent (left) and the untreated area (right). 
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FIGURE l. Radiation absorption on untreated plots and plots created with ash. 
Bluecreek Experimental Farm in Box 
Elder County. 
Furnace Ash 
During 1970-73, furnace ash from the 
coal-fired heating plant at USU was 
applied (200 lb. per acre) by an air-
plane. Treatment accelerated snow 
melt, and reduced the incidence of 
snowmold. In the fall of 1973 a fertilizer 
spreader mounted on a sleigh pulled by 
a snowmobile was used to apply the 
ash in more detailed studies of the 
effects of timing, frequency and rate of 
application. 
Application of a blackening agent 
such as furnace ash darkens the snow 
surface; more incoming solar radiation 
is absorbed, thus melting the snow even 
though air temperatures may be freez-
ing or below. White, untreated snow 
surface reflects solar radiation. Figure t 
compares radiation absorbed by treated 
and untreated plots at midday. The 
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treated area absorbed considerable 
incoming radiation while the untreated 
area absorbed almost none. Application 
of less than t 50 lb. of ash per acre did 
not darken snow enough while applying 
over 200 lb. per acre did not increase 
absorption. This indicated that the 
optimum amount of ash to apply was 
between t 50 and 200 lb. per acre. 
Table 1 compares snowmelt on 
treated and untreated areas from 1975 
through 1985. The untreated areas 
remained under snow longer than those 
treated with ash. In some years, soil 
under snow was not frozen. Both snow 
cover and unfrozen soils contributed to 
severe snowmold damage. 
Table 2 shows yield and percentage 
protein on experimental plots. Except in 
1977, applying ash Significantly 
increased wheat yields. During 1975-77, 
the protein content of the wheat variety 
(Hansel) remained constant or 
increased in the treated areas. The 
wheat variety in subsequent years was 
Incoming radiation 
Treated plOl 
Check plOl 
Manning. Except in t 982, protein con-
tent decreased in the treated areas 
because yields increased conSiderably. 
Protein content of Manning tends to 
decrease as yields increase, however, 
Cartee et al. (1986) found that protein 
level can be maintained with high yields 
if additional nitrogen is applied in the 
spring. In 1977, soils were covered late 
in the winter by about to inches of 
snow and remained frozen during the 
remainder of winter. Consequently, 
treatment did not Significantly increase 
yields because snowmold damage was 
slight. Therefore, ash was not applied in 
1980 and t 98 t when conditions were 
similar. 
In 1976. USU cooperated with Thiokol 
Corporation (Snow Cat Division) in 
mounting a sand spreader on a large 
snow-cat to apply ash on plots at four 
locations in northern Box Elder County. 
The results (Nielson and Cartee 1976) 
were similar to those at the Blue Creek 
Experimental Farm during 1976 (Table 
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TABLE 1. Comparison of snowmelt on control plots and plots treated with fly ash (Bluecreek Experimental Farm). 
Treated Untreated 
Continuous days under snow Continuous days under snow Reduction in days 
under snow 
Year Total No soil frost Total No soil frost with treatment 
1975 65 
1976 90 
1977 40 
1978 63 
1979 102 
1980 
1981 
1982 68 
1983 104 
1984 100 
1985 80 
Average 79 
2). Snowmold damage decreased and 
yields increased by 50 to 70 percent 
where ash was applied. Following this 
study. commercial application of dark-
ening agents began. primarily using ash 
from coal-fired power plants. 
22 85 
90 118 
0 48 
30 83 
64 126 
- Ash not applied -
- Ash not applied -
68 86 
70 128 
62 117 
61 101 
52 99 
Table 3 presents an economic eval-
uation of ash application. Income per 
acre. based on the price per bushel at 
harvest. was adjusted for protein and 
yield. The net income per acre was cal-
culated by adding the income from the 
42 20 
118 28 
0 8 
50 20 
88 24 
86 16 
94 24 
79 17 
82 21 
71 20 
untreated plots to the cost of applying 
ash. This sum was then subtracted from 
income from treated plots. Except in 
1977 when snow cover was light and 
soils remained frozen. applying ash 
increased net income. 
TABLE 2. Yield and protein content of wheat from control plots and plots treated with fly ash (Bluecreek 
Experimental Farm). • 
Yield (bu/ A) Protein (%) 
Year Treated Untreated Difference LSD" Treated Untreated Difference LSD--
1975 51.2 43.0 8.2 2.4 15.7 13.9 1.8 0.4 
1976 41.2 19.8 21.4 3.4 14.8 13.6 1.2 0.5 
1977 58.5 56.2 2.3 2.8 8.9 8.9 0 0.6 
1978 53.8 36.5 \6.3 1.9 10.2 11.0 -0.8 0.5 
1979 42.7 22.7 20.0 2.3 10.6 13.8 -3.2 0.7 
1980 - Ash not applied -
1981 - Ash not applied -
1982 58.1 32.0 26.1 3.6 10.9 10.4 0.5 0.6 
1983 53.6 33.1 20.5 2.7 10.8 12.1 r- 1.3 0.4 
1984 49.9 29.2 20.7 2.1 11.2 11.8 -0.6 0.3 
1985 58.0 30.4 27.6 3.1 10.5 12.0 -1.5 0.8 
Average 51.9 33.7 18.2 2.7 11.5 11.9 -0.4 0.5 
* All plots were fertilized with 50 lb. NI A as anhydrous ammonia in the fall. 
"Leas[ significam difference a[ 0.05 confidence level. 
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TABLE 3. Yields, protein content, and returns on control plots and plots treated with fly ash (Bluecreek Experimental Farm). 
Untreated 
Year bu/a Protein (5) 
1975 43.0 13.9 
1976 19.8 13.6 
1977 56.2 8.9 
1978 36.5 11.0 
1979 22.7 13.8 
1980 
1981 
1982 32.0 10.4 
1983 33.1 12.1 
1984 29.2 11.8 
1985 30.4 12.0 
Average 33.7 11.9 
Table 4 lists selected data from 
studies conducted at the Bluecreek 
Experimental Farm. Net return reflects 
difference in wheat prices and varying 
costs of applying ash in addition to the 
effects of snowmold. Wheat prices were 
highest in 1975 and 1976. which 
increased net returns. However. results 
Treated 
Incomela bu/a Protein (%) Incomela 
$190.92 51.2 15.7 $245.76 
86.72 41.2 14.8 190.34 
185.46 58.5 8.9 193.05 
133.23 53.8 10.2 188.30 
100.33 42.7 10.6 151.59 
- Ash not applied -
- Ash not applied -
112.32 58.1 10.9 210.90 
135.05 53.6 10.8 193.50 
115.34 49.9 11.2 184.63 
104.88 58.0 10.5 174.00 
$132.90 51.9 11.5 $194.21 
clearly indicate that severe snowmold 
damage and a reduction in yield occur 
when soils are unfrozen under a deep 
snow cover for 70 days or more. Dark-
ening the snow to accelerate snowmelt 
reduces snowmold damage and thus 
increases wheat yields. thereby increas-
ing profits. 
Net increase in 
Costia of income per acre 
applying due to application 
ash of ash 
$ 6.00 $48.84 
6.00 97.62 
6.00 1.59 
12.00 43.07 
12.00 39.36 
7.00 91.58 
7.00 51.45 
14.00 55.29 
7.00 62.12 
$ 8.67 $52.65 
Darkening Agent-Nitrogen Solutions 
In 1984 commercial applicators felt they 
could increase area covered per load by 
applying darkening agents in an urea 
ammonium nitrate (UAN) solution. By 
using a nitrogen solution (which has a 
low freezing point) as the carrier for the 
TABLE 4. Effect of treatment with fly ash on days under snow, yield, protein content, and net return. 
Increase in protein Increase in net 
Continuous days Reduction in Increase in yield content due to return due to 
under snow with days under snow due to treatment treatment treatment 
Year no soil frost due to treatment (bu/a) (%) (S/a) 
1975 42 20 8.2 1.8 48.84 
1976 118 28 21.4 1.2 97.62 
1977 0 8 2.3 0 1.59 
1978 50 20 16.3 -0.8 43.07 
1979 88 24 20.0 -3.2 39.36 
1980 - Ash not applied -
1981 - Ash not applied -
1982 86 16 26.1 0.5 91.58 
1983 94 24 20.5 -1.3 51.45 
1984 79 17 20.7 -0.6 55.29 
1985 82 21 27.6 -1.5 62.12 
Average 71 20 18.2 - 0.4 52.65 
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TABLE 5. Comparison of liquid and dry methods of applying a darkening agent (1984). 
Days under snow 
Yield Protein Income Cost Net Return 
Method Total No soil frost (bu/a) (%) ($/a) ($a-) ($/a) 
Liquid 102 64 S3.2 II.S 210.14 14.00 84.00 
Ash 102 64 S4.0 11.9 213.30 IS.34 83.26 
Untreated 117 79 31.0 10.8 114.70 - -
*Includes COS! of additional nitrogen. 
NOTE: All plots had 50 lb. N/A as anhydrous ammonia. Additional nitrogen (14 Ib.la) applied to both liquid and ash treatments in the spring. 
TABLE 6. Rate of snowmelt associated with darkening materials in UAN solutions.· 
Snow depth (inches) 
Material Date: 3/19 3/21 3/26 3/31 
Ayash 20b** 17.Sd 13.5c 10d 
Ground coal 19b 17.Sd 13.Sc IOd 
Graphire 3739 16a 12a 4a O.5a 
Graphire 3226 17a 13ab Sa Id 
Coke (998 carbon) 23c 18de 14d 12e 
Graphire 3124 17a 14bd lOb Sb 
Graphire 8600 17a t2.5a 9b 7c 
Coal-2S% graphite 19b ISc 9b 7c 
Control 24c t9c 17c t4.5e 
·Source: Tindall 1986 (see References). 
• ·Treatment means followed by !he same letter are not significandy different at the 0.05 confidence level. 
darkening agent such as graphite. addi-
tional nitrogen could be applied, thus 
eliminating a separate trip over the field. 
In cooperation with a commercial appli-
cator, studies compared the effective-
ness of liquid and dry darkening agents. 
There was no significant difference 
between liquid or dry darkening agents. 
but there were significant differences in 
yield, days under snow, and net returns 
between treated and untreated areas 
regardless of the type of darkening 
agent (Table 5). In the spring, 14 lb. of 
nitrogen per acre were applied to the 
plots treated with dry ash; this was 
equal to that applied to plots treated 
with a nitrogen solution. 
In 1985, Bear River Supply of Garland 
cooperated in a study of different dark-
ening agents applied at a site in Poca-
tello Valley (Table 6). Due to equipment 
malfunction, the maximum ash applica-
tion rate was only about 100 Ibs. per 
acre. This probably accounts for the 
slower melt rate on plots treated with 
ash. Liquid solutions applied by other 
equipment contained 7 lb. of nitrogen 
and 18 lb. of darkening agent per acre. 
Snowmelt was more rapid on areas 
treated with a graphite-nitrogen solu-
tion, and was most rapid on areas 
treated with graphite 3739. Yields are 
not shown because nitrogen rates 
varied; however, yields on all treated 
areas were significantly greater than on 
untreated areas. 
4/2 4/5 4/10 
6cd Oa 0 
Sc Oa 0 
Oa Oa 0 
Oa Oa 0 
7d O.5a 0 
la Oa 0 
3b O.5a 0 
Sb I 0 
12e Sc 0 
Conclusions 
When conditions favor the development 
of snowmold, applying darkening 
agents to increase snowmelt rate is a 
profitable method of reducing yield 
losses. Regardless of material used, 
skies must be clear for 5 to 7 days fol-
lowing application for the material to be 
effective. Also, the material may need to 
be reapplied if 4 or more inches of new 
snow covers the material. If there is less 
than 4 inches of snow over the darken-
ing agent. it wiII usually melt. thus 
revealing the darkened snow. 
Dry darkening agents may be any 
dark material that will spread uniformly 
and is light enough to remain on the 
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Applying darkening agent and liquid nitrogen. 
snow surface as it melts. Some of the 
materials that have been used success-
fully are furnace ash, dry soil, coal dust 
and dry manure. If a darkening agent is 
to be mixed with liquid nitrogen, it must 
stay in suspension. Some of the mater-
ials used successfully are graphite, coke 
and coal dust. Lampblack is very dark 
when first applied, but flows down 
through the snow with the water, thus 
reducing its effectiveness. 
In addition to their benefits in reduc-
ing snowmold, darkening agents also 
help control run-off. When darkening 
agents are applied when air tempera-
tures are freezing or below snow melts 
slowly during daylight hours so runoff 
does not exceed infiltration into the soil. 
This reduces the risk of soil erosion later 
in the spring caused by rapid snowmelt; 
a snowpack can melt in 48 hours. How-
ever, runoff and erosion could be 
increased if warming temperatures fol-
low the application of darkening agent 
in mid-March or later. 
Recommendations 
1. Check wheat once a week and 
begin monitoring frost depths 2 weeks 
after deep snow covers wheat. Continue 
these weekly surveys until the snow has 
melted. 
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2. Prepare to treat fields at the first 
sign that frost is leaving the soil. Try to 
apply darkening agents when weather 
forecasts indicate skies are to remain 
clear for 5 to 7 days. Darkening agents 
may have to be reapplied if new snow 
covers the darkening agent. However, if 
enough snow has melted, snow tunnels 
may collapse around the whe~1.t and 
retard mold activity. Under these cir-
cumstances, reapplication may not be 
necessary. 
3. Don't be overly complacent even if 
mold is not visible. Apply a darkening 
agent by late February if deep snow 
persists and no frost remains in the soil. 
4. There appear to be only small dif-
ferences between the effectiveness of 
dry or liquid darkening agents. There-
fore, the method selected by a farmer 
should be based on compatibility with 
other aspects of crop production. It 
initially costs less to apply ash, about S 7 
per acre, than to apply a graphite-
nitrogen solution, which costs about S 12 
per acre, depending on how much nitro-
gen is applied. However, costs asso-
ciated with dry or liquid materials are 
about equal if a farmer utilizes a com-
plete program, one involving snow 
removal, split applications of fertilizer, 
and herbicide application. Two opera-
tions are required in a complete pro-
gram, whether the darkening agent is a 
liquid or a dry material. If a dry darken-
ing agent is applied, ash would first be 
applied to remove snow, and a mixture 
of liquid nitrogen and herbicide (such as 
Ally or Glean) would then be applied 
after the field is bare. A farmer applying 
liquid material would first apply nitro-
gen and darkening agent; herbicide 
would be applied after the field is bare. 
It is illegal to apply herbicide on the 
top of the snow as herbicides are not 
labeled for this type of application. 
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(a) Grinding a soil sample so it is homogeneous. (b) passing the 
sample through a 2-mm uniformity screen. and (c) weighing a 
representative sample for analysis. 
THE UTAH STATE UNIVERSITY 
SOIL, PLANT AND WATER ANALYSIS 
LABORATORY 
The USU Soil, Plant and Water Analysis Laboratory (SPWL) has 
provided a wide range of services for 
more than 40 years. Over the past 2 
years the laboratory has markedly 
increased the variety of services it pro-
vides, and is also involved in several 
research projects. 
K. F. TOPPER and D. W . JAMES 
Soil Testing and Interpretation 
Soil tests can be used to diagnose the 
nutrient-supplying capability of the soil 
and also to identify elemental toxicities. 
In general, results of different soil testing 
laboratories are comparable if soil 
samples are similar. However, fertilizer 
recommendations from different labora-
tories can vary depending on' the inter-
pretation of results. The SPWL. many 
other public laboratories. and a few pri-
vate diagnostic laboratories base 
recommendations on crop sufficiency, 
in which fertilizer nutrients are applied 
only when there is a probable defi-
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TABLE 1. Returns per acre based on a hypothetical soil sample testing adequate in phosphorus (P) and potassium (K) 
levels.-. 
Sufficiency approach 
Maintenance approach·· 
Fertilizer 
applied/a. 
1251bs N 
1251bs N 
551bs P20S 
150 Ibs K20 
*NaHCOJ soil teSt level of P = 16 ppm and K = 120 ppm; barley price of $83/ton. 
Fertilizer 
cost/a. 
$30 
$56 
Yield Returns 
bu.la. gross/a. net/a. 
ItO $265 $235 
ttO $265 $209 
* -Maintenance approach assumes these soil test levels are maintained; PzOs and K20 recommendations are based on crop removal. 
ciency. This approach maximizes eco-
nomic return on the fertilizer invest-
ment Recommendations provided by 
SPWL are based on studies by 
researchers with the Utah Agricultural 
Experiment Station and other agencies 
concerning plant growth response to 
fertilizer on different soils and under 
varying climatic conditions. 
Many laboratories base recommenda-
tions on a nutrient buildup and main-
tenance approach in which fertilizer is 
applied to replace nutrients removed by 
crops. This approach does not maxi-
mize returns, as was indicated by six 
soil fertility studies conducted in the Mid-
west. In the study. fertilizer recom-
mendations from the land grant univer-
sities and several private laboratories 
were compared over periods of 4-1 1 
years (Holmberg 1986). 
Table 1 shows a simplified summary 
of the net returns possible with these 
two approaches considering only the 
cost of fertilizer. Profits are lower when 
fertilizer is applied when nutrient levels 
are higher than those needed to avoid 
deficiencies. The sufficiency approach 
would recommend the application of 
fertilizer only when a yield increase is 
probable, as determined by fertility 
studies. 
Reliable soil tests require soil samples 
that are representative of field condi-
tions. Since I lb. of soil represents over 
10 million lbs. of soil in a 5-acre field, 
samples must be properly collected to 
accurately estimate fertilizer require-
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ments. Proper field sampling pro-
cedures are explajned in publications 
from the USU Extension Service (Topper 
1986). 
Utah farmers would improve the effi-
ciency of their fertilizer investment if 
they would routinely sample and follow 
the recommendations provided by the 
SPWL. Our routine soil fertility package 
costs $12.00 per sample and includes 
evaluation of phosphorus, potassium. 
salinity and pH levels, estimated texture. 
and complete fertilizer recommenda-
tions. Nitrogen fertilizer recom-
mendations are based on cropping his-
tory, intended crop, and intended yield. 
This package is adequate for most soil 
and cropping conditions in Utah. The 
nutrients which may limit agronomiC 
crop yields in Utah soils include nitro-
gen. phosphorus, potassium. zinc, and 
iron. Sulfur may be limiting in certain 
non-irrigated areas where subsoil is 
exposed. Levels of nutrients such as 
nitrogen, zinc, iron. and sulfur can be 
analyzed upon request at additional 
cost. 
Soil should be tested for nitrogen only 
when a subsoil sample is also collected. 
This is because the form of nitrogen 
available to plants (N03-N) is mobile 
and moves to the lower part of the soil 
root zone; all of this nitrogen is available 
for plant uptake. Thus, testing only a 
surface soil sample does not take into 
account all of the plant-available nitro-
gen and would lead to erroneous fertil-
izer recommendations. 
Zinc is occasionally deficient for crops 
such as potatoes, beans. and corn. Soil 
testing for zinc is recommended for 
these crops. Other nutrients can be 
tested by the SPWL but either there 
have not been any crop responses 
observed in Utah for these nutrients or, 
in the case of iron and sulfur, there is 
inadequate soil test calibration 
information. 
Soil tests are also used to monitor or 
identify environmental problems. The 
Environmental Protection Agency (EPA) 
is concerned with potentially toxic levels 
of elements such as arsenic. cadmium. 
nickel. selenium. mercury, zinc, copper, 
lead, and chromium. SPWL recently 
acquired the instruments to analyze 
materials for these elements. The Induc-
tively Coupled Argon Plasma (lCAP) 
atomic emission spectrometer can 
simultaneously determine 22 elements 
and a new Flame/Graphite Furnace 
Atomic Absorption unit can detect levels 
as low as mg. * 10-3 per liter (parts per 
billion). 
Plant Analysis 
Plant tissue testing. such as potato peti-
ole and fruit tree leaf analysis to monitor 
nitrogen and other elements, can pre-
vent deficiencies and avoid excesses of 
elements while plants grow. Accurate 
fertilizer recommendations require col-
lection of representative plant samples. 
Samples must be from the same part of 
the plant and at the same stage of 
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TABLE 2. Number of feed samples tested by SPWL. In 1985. the USU Extension Service 
offered Near Infrared Analysis Spectro-
scopy (NIRS) and a mobile NIRS unit 
traveled to various locations around the 
state during the summer. NIRS offers a 
fast. accurate, and precise method of 
testing feed composition (Martin et al. 
1985). The reflectance patterns of indi-
vidual feed samples from NIRS analysis 
are correlated with laboratory methods 
based on wet chemistry. Correlation 
between sampling methods are 
required for each type of plant material 
analyzed (Le. alfalfa. corn silage. alfalfa-
grass mix, etc.). For this reason. the 
accuracy of NIRS is limited by the cali-
bration process and by inaccuracies in 
the NIRS estimation of forage composi-
tion (More 1986). NIRS provides only an 
approximate estimate of levels of inor-
ganic nutrients (calcium. phosphorus, 
etc.) in feeds. An accurate analysis of 
these nutrients must be based on wet 
chemical techniques. 
1981 1982 1983 
822 755 1.045 
growth as used in the calibration pro-
cess to avoid errors. This is because the 
nutrient content of plants changes as 
the crop matures and differs in various 
plant parts. Sampling for routine moni-
toring. such as potato petiole analyses. is 
almost always done by a trained techni-
cian. Plant sampling to diagnose the 
cause of a growth disorder should follow 
guidelines provided by the SPWL. 
Sampling method and nutrients tested 
depends on the plant type (wheat. corn. 
alfalfa. fruit trees, etc.). growth stage. 
and plant symptoms. 
As in soil testing. there are differences 
in how to interpret results of plant 
analysis. SPWL recommends the appli-
cation of fertilizer if a deficiency of 
nutrients will limit crop growth. 
Recommendations are based on field 
calibration trials in which nutrient levels 
in plant tissues are related to yields and 
soil fertility. 
Plant tissue analyses are the only reli-
able method of determining the fertil-
izer requirements of fruit trees. We now 
offer two fruit tree analyses packages: 
nitrogen. phosphorus, and potassium 
(SIS/sample). and a more complete 
test that also includes calcium, magne-
sium. zinc, iron, manganese. copper. 
sulfur. and sodium (S25/sample). 
Leaves should be sampled between July 
15 and August 15. 
Water Quality Analysis 
The quality of irrigation water can be 
determined by testing for total salt con-
centration. as measured by electrical 
conductivity (EC) and by determining 
levels of calcium. magnesium, sodium. 
potassium. chloride. sulfate. and car-
bonates. The sodium absorption ratio 
(SAR) is computed from the solution 
concentrations of sodium, calcium and 
1984 1985 1986 
1.035 361 136 
magnesium. When EC and/or SAR are 
high. practices can be recommended to 
avoid salinization of soils and also for 
the reclamation of soils already bur-
dened with excess salts. Saline soil 
management, prevention. and reclama-
tion is done in collaboration with Exten-
sion irrigation specialists. Both preven-
tion and correction of soil salinity 
require good quality irrigation water and 
adequate drainage. The SPWL provides 
chemical analyses to determine the 
severity of salt problems and can moni-
tor progress in a reclamation program. 
Researchers with the Utah Agricul-
tural Experiment Station recently found 
that high quality waters contain very 
low levels of dissolved potassium. Thus, 
potassium removed by crops is not 
replaced by potassium added in irriga-
tion water, and soils gradually become 
depleted of this nutrient Soil tests can 
identify potassium deficiencies and pro-
vide recommendations for corrective 
fertilizer applications Games and 
Jurinak, 1986). 
Feed Quality Evaluation 
Feed quality directly affects animal per-
formance and potential profits. Alfalfa 
hay is an important cash crop and 
measurements of quality are essential 
in pricing systems, e.g. the price for 
alfalfa hay increases with protein con-
tent (Fonnesbeck et at. 1980). The test-
ing service developed by the SPWL in 
1978 primarily tests feed for protein, 
fiber. and dry matter content This 
information may be used to estimate 
digestible energy. Nutrients, such as Ca. 
P, and others, are also analyzed upon 
request. Typical turn-around time for 
these analyses based on wet chemistry 
is 2-4 days. Table 2 summarizes feed 
samples tested by the SPWL. 
Extension and Research Activities 
The SPWL staff helps farmers, Extension 
agents. researchers, private laboratories. 
and other clients by interpreting analyti-
cal data concerning soil fertility, water 
quality. and feed quality. We also con-
duct formal training sessions for Exten-
sion agents and other organizations. and 
publish Extension bulletins concerning 
use of laboratory analyses. 
SPWL is the pilot laboratory in a pro-
gram coordinated by the Northwest Soil 
and Plant Testing Work Group to moni-
tor the quality of analytical procedures 
of many soil testing laboratories located 
primarily in the western states. We are 
also helping develop a standardized 
procedure to test soil for boron. Boron 
deficiencies have not appeared in Utah 
soils but they have been identified in 
parts of Idaho, Oregon and Washington. 
Another project involves the develop-
ment of more accurate and safer plant 
digestion procedures. The current 
method used by the SPWL, a nitric-
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perchloric acid digest. is very accurate 
for many elements but is a potentially 
dangerous digestion procedure that 
requires special fume hoods and other 
precautions. Since a variety of plant test-
ing methods are being used by fertility 
diagnostic laboratories. the accuracy 
and efficiency of different procedures 
must be documented and compared to 
the standard method. 
We are cooperating with the Salt Lake 
City Water Reclamation Department in 
a field study to evaluate the release of 
nutrients and heavy metals in sewage 
sludge under field conditions. This study 
will determine how the concentration of 
heavy metals and nutrients in plants are 
affected by sludge application stage of 
plant growth. and how the nutrient and 
heavy metal content of the soil changes 
as sewage sludge is applied. Results will 
determine the maximum allowable 
loading rates and fertilizer value of 
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(d) After shaking the sample. the soil-chemical exrraction is filtered to obtain a 
clear solution. (e) The nutriem comem is determined with the ICP tie-in multi 
element 
sewage sludge. 
In addition to serving farmers and 
homeowners in Utah. the SPWL pro-
vides analytical services for researchers 
at Utah State University and other state 
agencies. 
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GOVERNMENT FARM PROGRAMS 
AND CONSERVATION TILLAGE: 
STRATEGIES FOR DRYLAND 
WHEAT FARMS 
D. BAILEY T. F. GLOVER and G. L. HELMS 
1\ Ithough limiting soil erosion is an 
~ important consideration in the 
adoption of conservation tillage prac-
tices. financial considerations such as 
prices. yields. storage. and debts ~Iso 
influence farmers' decisions. 
Government farm programs may also 
influence the adoption of conservation 
tillage practices. Government farm pro-
grams that seek to stabilize farm prices 
may also influence the economic feasi-
bility of conservation tillage practices. 
For example. provisions relating to 
wheat under the Food and Security Act 
of 1985 (1985 farm bill) have changed 
significantly from the 1981 Act (1981 
farm bill) . For example. under the 1985 
act, a farmer could participate in the 
government wheat program and still 
expand acreage of another program 
crop (e.g .. barley) if the farmer did not 
participate in the government program 
for the other crop. Under the 1985 act. 
participation in the wheat program dic-
tates that acreage of all other program 
crops may not exceed the base acreage. 
even if the farmer does not participate 
in programs for these other crops. Addi-
tionally. set asides will increase from 25 
to 27.5 percent in 1987 and percentage 
payment on the set aside will decrease. 
The restrictions may severely hamper 
the ability of a farmer to invest in new 
tillage technology. Generally. an 
increase in fixed costs (machinery 
investment) means a farmer must 
increase acreage to reduce fixed costs 
per acre. Research at Utah State Univer-
sity has shown that participation in the 
government farm program for wheat 
has been essential to the economic suc-
cess of dryland wheat farmers in Utah 
(G. L. Helms). So. the 1985 farm bill 
may provide fewer incentives for non-
participation in government programs. 
thus decreasing attempts to build the 
acreage base or to spread fixed costs by 
planting more acres. 
This study attempted to determine if 
maintaining a base acreage. as required 
in certain government farm programs. 
would influence the economic feasibility 
of conservation tillage methods on dry-
land wheat farms. 
This study also examined how provi-
sions of the 1985 farm bill would affect 
the adoption of conservation tillage 
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TABLE 1. Estimates for selected economic variables, t 986- t 990. 
Annual change in price or value (%) 
1986 1987 1988 1989 1990 
Farmland -2.0 -2.0 -2.0 -2.0 -2.0 I New farm machinery 4.3 4.0 4.0 3.6 3.4 
Used farm machinery -2.0 -2.0 -2.0 -2.0 -2.0 
Fixed costs 4.0 4.4 4.8 4.7 4.6 
Seed -0.1 -1.0 4.9 5.9 5.0 
Fertilizer and lime -1.5 -0.5 -1.3 -2.2 -2.7 
Chemicals -\.5 - 0.5 -\.3 - 2.2 -2.7 
Fuel and lube 2.1 3.4 2.9 2.8 2.8 
Repairs 7.3 7.6 8.0 7.8 7.2 
Other production costs 4.4 4.7 4.7 4.8 4.6 
Harvesting costs 4.4 4.7 4.0 3.2 2.4 
Hired labor 7.3 7.6 8.0 7.8 7.2 
Market value of off-farm investment 4.4 4.7 4.0 3.2 2.4 
CCC storage costs 4.4 4.7 4.0 3.2 2.4 
Annual average interest rate(%) 
1986 1987 1988 1989 1990 
Outstanding long-term 8.5 8.5 8.5 8.5 8.5 
Outstanding intermediate term 13.0 13.0 13.0 13.0 13.0 
New long-term 13.4 13.6 13.2 12.9 12.7 
New intermediate term 14.0 14.6 14.8 15.2 15.7 
Refinancing long-term 13.4 13.6 13.2 12.9 12.7 
Refinancing intermediate term 14.0 14.6 14.8 15.2 15.7 
Operating loans 14.0 14.6 14.8 15.2 15.7 
Received for cash balances 7.0 7.3 7.4 7.7 7.8 
Crop prices ($/bu) 
1986 1987 1988 1989 1990 
Cash wheat" 2.50 2.46 2.27 2.29 2.29 
Cash barleyb 1.86 1.83 1.69 1.70 1.70 
CCC wheat loan rate 2.30 2.16 2.04 \.94 1.85 
CCC wheat target price 4.38 4.38 4.29 4.18 4.00 
aLocalized for 12 percent protein hard red winter wheat 
aBased on average ratio of wheat and barley prices for past eight years in the study area. 
practices. Lower loan rates for grains 
such as wheat and barley under the 
1985 farm bill would also appear to 
decrease incentives to invest in new 
tillage technology, in addition to restrict-
ing additional acreage that can be 
planted. 
Model Selection 
Most studies dealing with the economics 
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of alternative tillage practices either use 
mathematical programming methods, 
computer simulation techniques, or 
optimal control theory. Computer simu-
lation makes it possible to evaluate the 
interaction between production, market-
ing, and financial activities at the farm 
level. This method has also been used 
to analyze the impacts of various 
government farm programs on farm-
management decisions (Boehlje and 
Griffin 1979; Richardson and Condra 
1981; Richardson and Nixon 1982). 
Although simulations have often been 
over a period as long as 50 years, this 
study examined a 5-year period, one 
which depicts the short- to 
intermediate-term decisions concerned 
with cash-flow requirements. 
The FLJPSIM V simulation model used 
in this study has been used extensively 
in the analysis of farm management 
decisions (Richardson and Nixon 1982, 
and Bailey 1983.) FLJPSIM simulates a 
typical farm during a period of several 
years; the ending financial position for 
one year is the beginning financial posi-
tion for the following year. 
The study assumed that the farm 
operator could participate in the Com-
modity Credit Corporation (CCC) non-
recourse loan program if returns from 
this program exceeded cash sales. Defi-
ciency payments were made when the 
seasonal average cash price for wheat 
was less than the target price. I 
Three tillage systems were examined. 
We determined the effects of each type 
of tillage system on the typical farm's 
(a) net cash farm income; (b) pro-
ducer's ending net worth; (c) ending 
equity ratio; and (d) after-tax net 
present value. A 3 percent discount rate 
was used to calculate present values. 2 
Fifty replications (iterations) of each 
selected strategy were simulated with 
the model. Random prices and yields 
for each replication assumed multi-
variate normal distributions as described 
by Clements et al. (1971). In addition. 
cumulative density functions (cdfs) 
associated with each tillage practice 
were developed. Cumulative density 
functions rank observations from the 
lowest to the highest value. 
The study also determined the rela-
tionship between a particular strategy 
and risk. Klemme (1985) used a similar 
procedure to study tillage systems and 
found that conventional and minimum 
tillage practices associated with corn 
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and soybean production were preferred 
to no-till tillage practices. However. 
these results may not apply to dryland 
operations and the study considered 
only mean returns to land and 
management. 
The Typical Farm 
The characteristics of the typical farm 
were based on survey data. The farm 
was located in Box Elder County. Utah 
and consisted of 2.324 non-irrigated 
acres; 1.627 acres were owned and 697 
acres were leased. Similar sized farms 
are common in the main wheat produc-
TABLE 2. Strategies analyzed. 
tion areas of the Midwest (Tierney 1986. 
Fuller 1986). Yields in the study area are 
also similar to those in most western 
states. Over 90 percent of the wheat 
acreage in many western states is not 
irrigated. Thus. results of this analysis 
should be applicable to many regions of 
the country. 
The typical crop mix was 80 percent 
wheat and 20 percent barley. a crop 
mix based on production patterns in the 
study area. Expected yields for wheat 
and barley were 33 bu./acre and 42 
bu./acre. respectively. 
The analysis assumed yields did not 
vary with tillage practices. an assump-
Participation in 
government farm Crop Mix 
Strategy Tillage system program (YIN) Acres 
1985 program 
1 Minimum-till Y 872 wa 
232 B 
2 Combination-till Y 872W 
232 B 
3 No-till Y 872W 
232 B 
4 Minimum-till N 872W 
232 B 
5 Combination-till N 1325W 
232 B 
6 No-till N 2092W 
232 B 
1981 program 
1 Minimum-till Y 872W 
232 B 
2 Combination-till Y 872W 
685 B 
3 No-till Y 872W 
1162 B 
4 Minimum-till N 872W 
232 B 
5 Combination-till N 1325W 
232 B 
6 No-till N 2092W 
232 B 
aWheat = wheat; B = barley. 
tion based on limited research con-
ducted in the area. Also. small variations 
in yield between the tillage practices did 
not significantly Change the outcome of 
the analyses.:5 
Fertilizer and herbicide requirements 
of tillage systems were determined and 
production costs associated with each 
tillage system were then adjusted 
according to variable and fixed input 
requirements. Expected yields were 
increased 1 percent annuaHy to reflect 
technological advancements (Richard-
son and Bailey 1982). Random yields 
and prices were assumed to have 
normal multivariate distributions. 
Change in machinery complement 
None 
Purchase inexpensive no-till drill. 
Sell all equipment not necessary for no-till 
operation. Purchase no-till drill (air seeder). 
None 
Same as Strategy 2. 
Same as Strategy 3. 
None 
Same as Strategy 2 for 1985 program. 
Same as Strategy 3 for 1985 program. 
None 
Same as Strategy 2. 
Same as Strategy 3. 
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Wheat was stored on the farm. Eighty 
percent of the wheat harvest was sold in 
December, and the remainder of the 
crop was sold the following January, a 
marketing strategy that reflected prac-
tices in the study area. All barley was 
sold at harvest. Prices were adjusted for 
protein content and for season. Esti-
mated prices, inflation and interest rates 
and loan and target prices for the next 5 
years are found in Table 1. Most farmers 
in the area have either farmed for 
several years or have inherited a major 
portion of their land. The average 
beginning net worth is about $600,000, 
beginning leverage ratio (total liabili-
ties/ net worth) is 0.78, and a total debt-
to-asset ratio is approximately .44. 
As much as 50 percent of the crop-
land on dryland farms is faHowed dur-
ing the summer to control weeds, 
reduce fuel and labor costs and/or to 
meet requirements of government set-
aside programs (W. Helms 1985). 
Some producers in the area have 
employed a variety of minimum tillage 
practices (chisel plowing with herbicide 
and fertilizer application after planting) 
for a number of years. Most of those 
farmers employing no-till practices 
actually combine minimum- and no-till 
practices, a system hereafter known as 
"combination-till." In strategies involving 
combination tillage, the study assumed 
that planted acreage was equally 
divided between minimum- and no-till 
practices. A relatively inexpensive no-till 
drill (e.g. Haybuster type) is generally 
used in combination-till. 
A no-till system reqUires the applica-
tion of additional herbicides and other 
inputs to avoid potential increases in 
weeds, disease, and germination prob-
lems (Young et at. 1984). No-till also 
required the purchase of specialized 
equipment. Thus, adoption of no-till 
practices can increase costs but can 
increase planting capacity. Even though 
all acreage could be planted, a producer 
who did so would be ineligible for pay-
ments under set-aside and/or CCC loan 
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programs. 
Farmers in the study area usually 
participate in government programs for 
wheat; the base acreage is 50 percent 
of the acreage planted to wheat (1,162 
acres). However. these farmers have not 
usually participated in the barley pro-
gram. Under provisions of the 1981 farm 
The 1985Jann bill 
provides Jewer incentives 
to adopt conservation 
tillage practices and will 
probably encourage 
participation in 
government programs. 
bill, barley could be planted on acreage 
not included in wheat acreage diversion. 
Provisions of the 1985 farm bill mean 
that acreage planted to barley, wheat or 
any other program crop may not 
exceed base acreage levels, even if the 
farmer participates only in the wheat 
program. The 1985 bill also increased 
acreage diversion from 25 to 27.5 per-
cent in 1987. 
This change means that these 
farmers who participate in the wheat 
program may expand their base 
acreages only by purchasing additional 
cropland. This may influence their 
ability to cover fixed costs associated 
with the purchase of no-till equipment. 
Strategies 
Six strategies were analyzed (Table 2). 
Strategies 1 through 3 involved three 
tillage systems and participation in 
government farm programs while 
Strategies 4 through 6 were similar to 
Strategies 1 through 3 except for partici-
pation in government farm programs. 
Acreage planted under each scenario is 
shown in Table 2. Average cash prices 
for wheat under the 1981 and 1985 bills 
were assumed to equal the loan rates of 
$3.30/ bu. (1981) and $2.40/ bu. 
(1985). Estimated average cash prices 
for barley were $2.37/bu. (1981) and 
$2.t9/ bu.) (1985). 
Strategy 2 requires purchase of a rela-
tively inexpensive no-till drill for approxi-
mately $17,000, which increased the 
intermediate debt-to-asset ratio to about 
.40. In Strategy 3, equipment used for 
minimum till was traded in to purchase 
a new no-till drill and 375-horsepower 
tractor at a cost of approximately 
$207,000. thus increasing the inter-
mediate debt-to-asset ratio to approxi-
mately.49. 
Results 
Table 3 shows the economic para-
meters associated with the six alterna-
tive tillage strategies which were derived 
from the simulations. No matter which 
strategy was followed, returns were 
greater under the 198 t program than 
under the 1985 program. This was 
expected since loan rates are consider-
ably lower under the 1985 program. 
Under either the 1981 or 1985 farm 
bills, none of the after-tax returns asso-
ciated with the strategies was positive. 
This indicates that producers in the 
study area probably will experience 
negative returns over the next 5 years. 
The provision of the t 985 farm program 
have only accentuated the current 
dismal outlook for wheat producers in 
the study area. 
It appears the 1985 rules will encour-
age participation in government pro-
grams; probabilities of survival are lower 
when farmers di<;1 not participate in the 
1985 program (Strategies 4, 5, and 6). 
Higher price supports (loan rates) under 
the 1981 program kept cash prices high 
enough to discourage participation in 
government programs. However, results 
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indicate that more dryland wheat 
farmers will probably participate in the 
t 985 program. which probably means 
government deficiency payments to 
these farmers will increase over the next 
5 years. 
If a farmer did not participate in 
government programs and provisions of 
the t 98 t farm bill were still in effect. 
employing no-till practices on all crop-
land (Strategy 6) results in the highest 
mean returns. Higher wheat prices 
under the 198 t bill would probably 
have made no-till practices more attrac-
tive since additional costs associated 
with these practices could be offset by 
planting additional acreage. Lower 
wheat prices under the t 985 program 
decrease economic incentives to adopt 
no-till practices. For example. under 
provision of the 1985 bill. the lowest 
mean after-tax value occurred under 
Strategy 6. 
The large differences in the net 
values clearly indicate whether farmers 
should participate in government pro-
grams. For example. the mean net 
value associated with Strategy 1 is 
nearly three times larger than that asso-
ciated with a similar strategy that did 
TABLE 3. How participation in government farm programs and different tillage systems affect the probability of survival 
and success, and the economic characteristics of the "typical" dryland wheat farm. 
Strategy for 1981 Strategy for 1985 
Iii 2 3 4 5 6 2 3 4 5 6 
Probability of survival (%)b 100 100 96 36 76 76 98 98 98 4 4 2 
Probability of success (%)C 2 2 2 0 2 8 0 0 0 0 0 0 
After-tax net valued (x $1.000) 
Average - 140.4 -137.9 -216.1 -529.7 - 307.6 -283.2 -247.8 -241.7 -286.4 - 668.7 -655.1 -678.7 
Standard deviation 63.5 77.6 131.9 181.7 213.5 240.0 75.3 75.1 82.6 134.9 135.6 134.1 
Coefficient of variation (%) - 45.2 -56.3 -61.0 -34.3 -69.4 -8.47 -30.4 -31.1 -28.8 -20.2 -20.7 -19.8 
Minimum -280.3 - 308.1 - 645.8 -828.2 -787.6 -728.5 -578.5 -576.5 -644.6 -881.7 -908.9 -925.7 
Maximum 53.6 95.4 101.5 -150.2 26.5 196.0 -33.1 -35.4 -61.2 -265.4 -289.4 -298.9 
End net worthe (x $1.000) 
Average 498.4 498.3 401.0 113.8 333.5 336.6 394.7 472.4 340.0 -22.8 - 7.1 -49.0 
Standard deviation 61.1 78.6 124.5 180.3 210.8 231.7 73.9 62.7 81.7 135.3 136.5 133.5 
Coefficient of variation (%) 12.3 12.3 31.0 158.4 63.2 68.8 18.7 13.3 24.0 -592.7 -1913.3 -272.6 
Minimum 360.6 380.7 -18.7 -184.5 -143.7 -161.4 65.1 331.1 -17.5 -235.8 261.1 -296.5 
Maximum 679.9 809.1 682.5 485.7 645.7 772.7 602.9 662.6 562.8 378.2 386.3 328.2 
Equity ratipr 
Average .47 .47 .43 .11 .32 .36 .38 .44 .36 -.05 -.02 -.1 1 
Standard deviation .05 .07 .13 .21 .20 .24 .07 .05 .08 .18 .18 .22 
Coefficient of variation (%) 11.30 13.80 29.60 185.50 63.30 66.40 17.30 12.40 22.60 -351.80 731.10 -204.50 
Minimum .36 .33 -.03 -.31 -.21 -.16 .08 .31 -0.02 -.39 -.43 -.61 
Maximum .64 .66 .69 .50 .59 .74 .57 .60 .57 .39 .38 .39 
Net cash farm income 
Average 0.7 2.5 -9.9 -44.5 -28.9 -29.5 -19.4 -5.4 -25.8 -74.2 -76.4 -98.0 
Standard deviation 12.0 15.9 20.7 17.3 22.1 34.2 10.0 13.0 10.1 14.8 15.9 31.0 
Coefficient of variation (%) 1843.6 638.7 - 209.4 -38.8 -76.4 -115.7 -51.4 -238.5 -39.0 -19.9 -20.9 -31.4 
Minimum -22.1 -28.2 -54.8 -73.1 -74.1 -92.4 -43.0 -30.4 -50.7 -99.8 - 107.4 - 157.8 
Maximum 49.6 63.9 64.4 9.7 33.4 67.4 20.8 47.6 13.5 -32.3 -29.0 -22.6 
aSee Table 2. 
~he probability the farm will remain solvem through 1999. 
cThe probability the farm operator will receive at least a 3% rerurn on beginning owner"s eqUity. 
dThe presem value (discoumed value) of the net income (receiptS-costS) received by the producer after taxes. 
eNet worth in the tenth year (1994) discoumed to the present 
rOwner equity/total assetS in year 5 (1990). 
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TABLE 4. Ranking of management strategies by attitude toward risk. 
Risk Risk Risk Highly 
Rank- lover> neutral averse risk averse 
1981 1985 1981 1985 1981 1985 1981 1985 
First choice 2,6 2 2 2 2 2 1,2 2 
Second choice t t t t t t 3 1 
Third choice 3 3 3 3 3 3 5,6 3 
Fourth choice 5 5 6 5 5,6 5 4 4,5 
Fifth choice 4 4 5 4 4 4 N/A' 6 
Sixth choice N/A 6 4 6 N/A 6 N/A N/A 
aSee Table 2 For definitions of strategies. 
bThe intervals selected For Pratt's absolute risk aversion coefficient (U· IU' where U is the utility function) 
where -0.00001 to 0.0 For a risk lover, 0.0 to 0.00001 for a risk averse producer, 0.0 to 0.0001 For a highly risk 
averse producer, and 0.0 for a risk neutral producer. 
eNot applicable. 
not involve participation in either the 
1981 and 1985 programs (Strategy 4). 
The highest mean returns under both 
the 1981 and 1985 programs were asso-
ciated with Strategy 2, which indicate 
that government programs provide 
some economic incentives to adopt con-
servation tillage practices. Although 
returns to all strategies are reduced 
under the 1985 bill, the difference in 
returns between minimum-till practices 
(Strategy 1) and combination-till prac-
tices (Strategy 2) increased when 
farmers participated in government 
programs. probably because producers 
could not increase barley acreage and 
still participate in the wheat program 
under provisions of the 1985 bill. 
Expanding barley acreage, which was 
allowed under the 1981 program, only 
increased risk since barley is not usually 
as profitable as wheat. and barley yields 
are more variable in the study area." 
However, as indicated by stochastic 
dominance. Strategy 2 was preferred by 
those producers who sought to avoid 
risk under provisions of the 1985 bill 
(Table 4). 
Regardless of the type of tillage and 
preference for risk. the provisions of the 
1981 bill were more favorable than pro-
visions of the 1985 bill. due to higher 
loan rates and higher cash prices (under 
142 UTAH SCIENCE 
the 1981 bill). 
A farmer who did not participate in 
the government programs would have 
been much more likely to adopt no-till 
practices (Strategy 5 or 6) under the 
1981 program than under the 1985 pro-
gram. Lower cash prices associated with 
the 1985 bill reduce incentives to plant 
additional acreage. thus decreasing the 
ability to recover costs associated with a 
change in tiilage practices. 
Conclusion and Summary 
Government payments appear to be a 
significant factor in farmers' decisions 
concerning tillage and other production 
practices. Tillage practices and govern-
ment payments often determine the 
financial health of mid-sized dryland 
grain farms in the study area. Provisions 
of the 1985 farm bill provide fewer 
incentives to adopt conservation tillage 
practices than the 1981 farm bill. and 
the 1985 provisions encourage participa-
tion in government programs. There are 
few incentives to withdraw from 
government programs to build base 
acreage in order to adopt no-till 
practices. 
Mid-sized dryland grain farmers will 
probably experience an erosion in their 
equity during the next 5 years. This 
financial pressure will cause many to 
adopt more efficient tillage methods. 
such as combination-till practices. How-
ever. financial survivaJ for these farmers 
will still probably hinge on whether or 
not they participate in government 
programs. 
FOOTNOTES 
t . A more detailed description of FLIPSIM 
V is found in Richardson and Nixon (1981). 
2. This nominal discount rate offered a 
small return to the farmer. and probably 
represents return rates to farmers in the 
area. 
3. Two sensitivity analyses that were con-
ducted assumed the standard deviation 
associated with no-till practices increased by 
50 and 100 percent over minimum-till prac-
tices (the most common tillage system in the 
study area). The effects of combination-till 
practices (one-third of land under no-till. 
one-third under minimum-till, and one-third 
under summer fallow) were tested by 
increasing the standard deviation by 25 and 
50 percent over minimum-till. These 
changes in yields resulted in only minor 
changes for highly risk-adverse producers. 
i.e .• there was no substantial difference in 
preference for Strategy 1 or Strategy 2 when 
yields under combination-till were much 
more variable. 
4. Sensitivity tests revealed that farmers 
carrying 25 percent more debt would prefer 
minimum-till practices (Strategy t). regard-
less of risk preference. This indicated that 
highly leveraged farmers are probably unwill-
ing to incur more debt to adopt the various 
conservation tillage practices. However. 
farmers with relatively low debts (a debt-to-
asset ratio of 40 percent or less) might be 
more willing to adopt conservation tillage 
practices. This study emphasized the influ-
ence of government programs on the adop-
tion of conservation tillage practices. A 
separate study would be necessary to fully 
analyze how debt load affects the adoption 
of tillage practices. 
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